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Although implementation and adherence to asthma guidelines improves disease control, 1 some children and adolescents continue to experience exacerbations despite treatment with doses of inhaled corticosteroids (ICSs) and long-acting b-agonists that reduce levels of impairment. 2, 3 The consequences of exacerbations are significant: greater morbidity, higher health care costs, 4 and, possibly, disease progression. 5 Furthermore, asthma exacerbations can occur at any time in any patient, but those with more severe disease, greater degrees of atopy, viral infection, and recent exacerbations appear most susceptible to recurrences, particularly during the fall after school resumes. 6 These risks of exacerbations indicate that both innovative treatment approaches and a more specific targeting of treatment to mechanistic interactions between allergic sensitization and viral respiratory tract infections are necessary to reduce the frequency of these events.
Two prior Inner-City Asthma Consortium (ICAC) studies found the frequency of exacerbations was reduced with higher daily doses of ICSs 2 or with omalizumab (anti-IgE mAb) 3 when added to year-round guidelines-based treatment, with the effects of omalizumab being most striking during the fall season. 3 Because continuous treatment with both therapeutic modalities can impart certain risks and increased costs and because the fall season is the peak period for exacerbations among the inner-city population, 6 we designed the Preventative Omalizumab or Step-up Therapy for Fall Exacerbations (PROSE) study to determine whether a targeted strategy of beginning preventative therapy with omalizumab 4 to 6 weeks before the start of school and continuing it for the next 4 months would be more efficacious than (1) placebo or (2) an ICS boost in preventing fall asthma exacerbations among children already receiving guidelines-based therapy.
It is necessary to understand that viral respiratory tract infections, particularly rhinovirus infections, and underlying allergic sensitization are strong risk factors for fall asthma exacerbations to determine and possibly target the mechanisms of treatment in this setting. [6] [7] [8] Consequently and based on findings that some patients with asthma have reduced antiviral type I and III interferon responses, 9 ,10 a defect also noted with peripheral blood plasmacytoid dendritic cells isolated from asthmatic patients and associated with IgE concentration on the cell surface, 11, 12 we formulated the additional hypothesis that the beneficial effects of omalizumab on seasonal asthma exacerbations can be explained in part by an increased release of IFN-a from plasmacytoid dendritic cells on rhinovirus exposure.
METHODS

Study design
The PROSE study (clinicaltrials.gov #NCT01430403) was a 3-arm, randomized, double-blind, double placebo-controlled, multicenter clinical trial conducted among participants receiving ongoing guidelines-based asthma care (Expert Panel Report-3 [EPR3]). 1 The study enrolled 2 cohorts at 8 urban clinical research sites before the fall seasons of 2012 and 2013. The primary study objectives were to compare (1) omalizumab with placebo and (2) omalizumab with a boost in ICS (with total daily dose not to exceed 1000 mg of fluticasone propionate equivalent) in preventing fall exacerbations. After enrollment (November-March for each cohort), participants completed a 4-to 9-month run-in phase during which guidelines-based care was delivered to achieve asthma control. Study intervention treatments were then added to ongoing guidelines-based treatment beginning 4 to 6 weeks before each participant's school start date and ending 90 days after the school start date. The protocol (available in this article's Online Repository at www.jacionline.org) was approved by all 8 institutional review boards. Written informed consent was obtained from each participant's legal guardian. Participants provided assent according to local guidelines.
Participants
Eligibility criteria included age of 6 to 17 years, asthma diagnosis or symptoms for more than 1 year, 1 or more asthma exacerbations (requiring systemic corticosteroids) or hospitalization within the prior 19 months, a positive skin test response to 1 or more perennial allergens, body weight and total serum IgE levels suitable for omalizumab dosing based on the ICAC's prior study (see Table E1 , A, in this article's Online Repository at www.jacionline.org), 3, 13 school attendance beginning the following August or September, residence in a low-income census tract in predefined inner-city areas, and insurance covering standard medications.
Randomization and masking
By using a predefined EPR3-based treatment algorithm (see Table E1 , B), clinicians determined each participant's controller regimen (step level; see Table E1 , C) based on symptoms, spirometric results, and exacerbation history (see Table E1 , D), with assessments performed at 4 visits during the run-in phase. During the intervention period, step levels remained fixed. Randomization was done by using a blind, centralized, computer-based random allocation scheme. Participants had to require the equivalent of 200 mg/d or greater fluticasone propionate to be eligible for randomization. Because evidence suggests that using more than 1000 mg/d fluticasone propionate equivalent provides limited additional efficacy 14 and increases the risk of side effects, 15 participants requiring 500 mg of fluticasone or equivalent twice daily for control during the run-in phase (step 5) were not entered into the ICS boost arm. Instead, they were randomized at a ratio of 3:1 to omalizumab or injected placebo (Fig 1) . The remaining participants (those receiving <500 mg of fluticasone propionate equivalence twice daily [steps [2] [3] [4] ) were randomized at a ratio of 3:3:1 to omalizumab (with inhaled placebo), ICS boost (with injected placebo), or guidelines-based care with injected placebo and inhaled placebo. During the intervention, all participants (steps 2-5) had 2 inhalers, one obtained by prescription for ongoing guidelines-based care and one provided by blinded staff (a Diskus device [GlaxoSmithKline, Research Triangle Park, NC] containing either fluticasone propionate or placebo) for the ICS boost. The study Diskus provided to participants at step 5 always contained placebo.
Omalizumab or its placebo was administered every 2 or 4 weeks by means of subcutaneous injection by unblinded nurses who had no other role in the trial, with dosing based on weight and serum IgE levels, as described previously (see Table E1 , A). 3, 13 The ICS boost, fluticasone propionate inhalation powder (100 or 250 mg twice daily), effectively doubled the ICS dose of those patients at steps 2 to 4 at randomization (see Table E1 , E). 
Procedures
Clinical assessments before randomization included skin prick tests to 14 aeroallergen extracts (Greer Laboratories, Lenoir, NC), total and allergen-specific serum IgE measurement, and spirometry. Questionnaires (administered every 4-8 weeks during the run-in phase and every 2-4 weeks during the intervention phase) assessed asthma symptoms, respiratory illnesses, exacerbations, and adverse events (AEs). Adherence was measured by means of self-report for the inhaler used for ongoing care, counter for the ICS boost Diskus, and injection records for omalizumab/placebo.
During the intervention period, weekly nasal mucus samples were collected for viral detection (Respiratory Viral Panel [Luminex, Austin, Tex] and/or rhinovirus detection), as previously described. 16 Also, eosinophilic cationic protein levels were measured in the same samples monthly.
PBMCs from a subset of subjects (n 5 87) were incubated ex vivo with rhinovirus with or without IgE cross-linking to simulate allergen activation and IFN-a levels were measured in culture supernatants to determine whether omalizumab affected antiviral responses. 11 Blood for these studies was obtained from subjects at 2 sites (UT Southwestern Medical Center, Dallas, Tex; National Jewish Health, Denver, Colo) before (prerandomization, at visit 3 or 4) and during (postrandomization, at visit 7 or 8) the intervention period. PBMCs were isolated by means of Ficoll-Paque (GE Healthcare, Fairfield, Conn) density gradient centrifugation and cultured at 0.5 3 10 6 /0.2 mL in 96-well round-bottom plates in complete RPMI 1640 medium (supplemented with 10% heat-inactivated FBS, 1% penicillin-streptomycin, 1% sodium pyruvate, 1% HEPES buffer solution, 1% nonessential amino acids, 1% glutamate, 100 mmol/L b-mercaptoethanol, and 10 ng/mL IL-3). PBMCs were cultured for 18 hours in the presence or absence of an IgE cross-linking antibody (rabbit anti-human IgE, 1 mg/mL; Bethyl Laboratories, Montgomery, Tex) or control rabbit IgG antibody (1 mg/mL, Bethyl Laboratories). It is important to note that the IgE cross-linking antibody used in these in vitro assays differs from omalizumab because it binds and cross-links IgE on cell-surface FcεRIa receptors (unlike omalizumab, which only binds to free IgE). After 18 hours, the PBMC conditions were stimulated with RV-A16 (10 6 plaque-forming units/mL; a gift from Wai-Ming Lee and Yury Bochkov, University of Wisconsin-Madison) for 24 hours. PBMC supernatants were stored at 2808C, and IFN-a concentrations were subsequently measured by means of ELISA (MabTech, Cincinnati, Ohio).
Outcomes
The primary outcome was an asthma exacerbation defined by a worsening of asthma control requiring systemic corticosteroids or hospitalization 17 in the 90-day period beginning on the first day of each participant's school year. The planned analysis also included 11 prespecified, nonmechanistic secondary outcomes (see the full protocol in this article's Online Repository at www.jacionline.org). The protocol was monitored by a National Institute of Allergy and Infectious Diseases (NIAID) Data and Safety Monitoring Board and an NIAID Medical Monitor.
Statistical analysis
The primary outcome was analyzed as a dichotomous variable (occurrence or absence of exacerbations during the 90-day outcome period). Analysis was conducted by using a logistic regression model, adjusting for site, dosing schedule, and treatment step. The analysis of continuous secondary outcomes measured longitudinally was conducted by using a similarly adjusted linear mixed-effect model with random intercept (to account for the within-subject correlation). These analyses were performed on data from the modified intention-to-treat (mITT) population (ie, participants who were randomized, began study treatment, and had > _1 study contact during the 90-day outcome period). Sensitivity analyses to assess the effect of missing data on the results are reported in Table E2 in this article's Online Repository at www.jacionline. org. Eleven prespecified subgroup analyses were conducted to assess heterogeneity of treatment effects with a statistical test for interaction. 18 All analyses were done with SAS (version 9.3; SAS Institute, Cary, NC) and R 3.2.0 (Vienna, Austria) software. IgE cross-linking effects on rhinovirus-induced IFN-a levels were determined by normalizing the rhinovirus-induced IFN-a produced in the presence of ex vivo IgE cross-linking to the rhinovirus-induced IFN-a produced in the absence of IgE cross-linking. The subgroups with high (above median) and low (below median) IFN-a level increases were then evaluated in relation to the rates of asthma exacerbation during the 90-day outcome period; odds ratios (ORs) for each subgroup were calculated.
Sample size calculation
We determined that enrollment of 453 participants (223 in the omalizumab arm, 155 in the ICS boost arm, and 75 in the placebo arm [52 in steps 2-4 and 23 in step 5]) would provide greater than 90% power to compare the omalizumab and placebo arms (11.8% vs 35.9% estimated effect) and 80% power to compare the omalizumab and ICS boost arms (12.9% vs 25.8% estimated effect).
Role of the funding source
This study was funded by the NIAID and an unrestricted grant from Novartis (Basel, Switzerland). Omalizumab and fluticasone propionate were administered in the intervention under a Food and Drug Administration Investigational New Drug Application (no. 100,210) sponsored by the NIAID. Omalizumab and matching placebo were donated by Novartis. The ICS boost and matching placebo were donated by GlaxoSmithKline. Both companies had the opportunity to comment on the study design, but they had no role in the trial's performance, data analysis, manuscript preparation, or decision to submit the manuscript for publication. Epinephrine autoinjectors (EpiPens) were donated by Mylan (Canonsburg, Pa).
The ICAC Steering Committee designed the study. The individual study sites collected the data. Rho Federal Systems Division (Chapel Hill, NC) vouches for the data and their analysis. The corresponding author had final responsibility for the decision to submit for publication.
RESULTS
Participant enrollment characteristics
Before the fall seasons of 2012 and 2013, 345 and 382 participants, respectively, were enrolled in the 4-to 9-month run-in phase of our protocol. Of these 727 participants, 513 were subsequently randomized at the end of the run-in phase into the 3 Scores on the Childhood Asthma Control Test (C-ACT) and the Asthma Control Test (ACT) were measured on scales of 0 to 27 and 5 to 25, respectively. A score of 19 or less on either test indicates that asthma is not well controlled. The minimally important difference for ACT equals 3 points; for the C-ACT, a 3-point increase suggests a clinically relevant improvement in asthma control, whereas a 2-point decrease suggests a clinically relevant worsening. àThe number of days with symptoms was calculated as the largest of the following variables during the previous 2 weeks: number of days with wheezing, chest tightness, or cough; number of nights of sleep disturbance; and number of days when activities were affected. This symptom scale ranges from 0 to 14 days per 2-week period.
§Six treatment steps were established, which is consistent with report 3 of the National Asthma Education and Prevention Program guidelines to standardize prescribing patterns according to levels of asthma severity; these steps are provided in full in Table E1 , B, and are summarized here. Steps 1 and 2 apply to mild asthma, step 3 to moderate asthma, and steps 4 through 5 to severe asthma. At step 0, the recommendation is for no asthma control medication or albuterol as needed; at step 1, the recommendation is for 50 mg of fluticasone twice a day; at step 2, the recommendation is for 100 mg of fluticasone twice a day; at step 3, the recommendation is for 250 mg of fluticasone twice a day; at step 4, the recommendation is for 250 mg of fluticasone and 50 mg of salmeterol twice a day (Advair, GlaxoSmithKline); and at step 5, the recommendation is for 500 mg of fluticasone and 50 mg of salmeterol twice a day (Advair, GlaxoSmithKline).
J ALLERGY CLIN IMMUNOL VOLUME 136, NUMBER 6 treatment arms, and 478 were included in the mITT population (Fig 1) . Characteristics of the mITT participants are provided in Table I and Table E3 
Effect of run-in treatment on asthma control
The EPR3-based treatment algorithm used during the run-in phase significantly improved asthma control, as reflected by decreasing the mean number of symptom days reported over the 2 weeks before each assessment visit (4.5 [SD, 4.4] days at study entry to 2.3 [SD, 3.1] days before randomization, a difference of 2.1 days; 95% CI, 1.7-2.6 days; see Table E4 in this article's Online Repository at www.jacionline.org). At randomization, 62% of the mITT participants were at treatment steps 2 to 4 and 38% were at step 5. Of those at steps 2 to 4 at randomization, 21.8% had experienced 1 or more asthma exacerbations during the run-in phase compared with 56.5% among those at step 5 (P < .001). After randomization, in the placebo arm the frequency of exacerbations continued to be significantly higher in step 5 participants versus that in step 2 to 4 participants (32.6% vs 12.7%, P 5 .03).
Effects of study interventions on the frequency of fall exacerbations
For the first of our primary hypotheses, the odds of participants at all step care levels (2-5) having at least 1 exacerbation during the 90-day outcome period were significantly lower in the omalizumab versus placebo arms (11.3% vs 21.0%; OR, 0.48; 95% CI, 0.25-0.92; Fig 2, A) . Stratifying by treatment step, the effect of omalizumab was still found in those receiving step 5 care (Fig 2, B) . For the second primary hypothesis, in which participants at steps 2 to 4 were used, we did not observe a difference between omalizumab and the ICS boost (8.4% vs 11.1%; OR, 0.73; 95% CI, 0.33-1.64; Fig 2, C) .
Effects of an exacerbation during the run-in phase on responses to study treatments in the outcome period As previously described, 6 an exacerbation during the run-in phase significantly increased the odds of an exacerbation during the outcome period (23.2% in participants with > _1 exacerbation vs 11.9% in those without an exacerbation; OR, 2.23; 95% CI, 1.36-3.67) in participants who received placebo. Comparison of the effect of our interventions in this subgroup was one of our predetermined subgroup analyses. At all treatment steps (steps 2-5), omalizumab was strikingly more efficacious than placebo in preventing exacerbations among participants who had experienced an exacerbation during the run-in phase (6.4% vs 36.3%; OR, 0.12; 95% CI, 0.02-0.64; Fig 3, A) . In addition, at steps 2 to 4 and in this subgroup of participants, omalizumab was more efficacious than an ICS boost in preventing exacerbations during the outcome period (2.0% vs 27.8%; OR, 0.05; 95% CI, 0.003-0.98; Fig 3, B) . In contrast, no effect of omalizumab compared with placebo was found in participants who had not experienced an asthma exacerbations during the run-in phase (steps 2-5: 12.2% vs 13.6%; OR, 0.88; 95% CI, 0.35-2.18; steps 2-4: 11.6% vs 8.9%; OR, 1.34; 95% CI, 0.56-3.25). Notably, even in the step 5 subjects, no effect of omalizumab was detected among participants who did not experience an exacerbation during the run-in phase. Among the other predetermined subgroups, no effects with similar consistency were detected (see Table E5 in this article's Online Repository at www.jacionline.org). Participants who experienced an exacerbation during the run-in phase compared with those without an exacerbation had evidence of higher levels of allergic inflammation. At the time of randomization, those with an exacerbation during the run-in phase had higher peripheral blood eosinophil counts of 350 cells/ mL (IQR, 210-520 cells/mL) and fraction of exhaled nitric oxide (FENO) levels of 29.0 ppb (IQR, 15.5-51.2 ppb) versus respective values in those without an exacerbation during the run-in phase: 280 cells/mL (IQR, 170-430 cells/mL; P < .01) and 19.0 ppb (IQR, 11.4-39.0 ppb; P < .01), respectively.
Effect of treatment interventions on asthma symptoms
Compared with placebo, omalizumab significantly decreased mean days with symptoms reported by participants in the 2 weeks before each assessment. Compared with ICS boost at steps 2 to 4, omalizumab did not significantly decrease symptom days (see Table E6 in this article's Online Repository at www.jacionline.org). Values at the top of each panel are ORs (95% CIs). All values are adjusted for site, dosing group, and treatment step. H1, Primary hypothesis 1; H2, primary hypothesis 2. For H1 and H2, there was a significant interaction between subgroups (P < .05).
Respiratory tract virus detection in association with exacerbations
( Fig 4, A, right panel; P 5 .03). Notably, among the omalizumabtreated group, participants with increases in ex vivo IFN-a responses to rhinovirus to greater than the median value had a significantly lower rate of exacerbations during the outcome period (Fig 4, B; OR, 0.14; 95% CI, 0.01-0.88).
AEs
One or more AEs were reported by 54.5% of participants in the omalizumab arm and 54.8% of participants in the placebo arm (P > .99, steps 2-5) during the intervention phase. One or more AEs were reported by 43.5% of participants in the ICS boost arm and 53.3% of participants in the placebo arm (P 5 .30, steps 2-4; Table II ). Three cases of grade 1 anaphylaxis occurred in the ICS boost, 2 in the placebo, and 3 in the omalizumab arms. Two serious AEs occurred during the intervention period, one each in the placebo (seventh nerve palsy) and ICS boost (anaphylaxis) arms. There were no deaths and no non-asthma-related hospitalizations during the intervention phase.
DISCUSSION
In the PROSE study we showed, in the context of our first primary objective, that a 4-month targeted treatment strategy with the addition of omalizumab beginning 4 to 6 weeks before the start of a school year to ongoing guidelines-based management significantly reduced asthma exacerbations during the fall season among at-risk inner-city youth (Fig 2, A) . This seasonal approach in treatment adjustment represents a first-time report of this novel strategy aiming to more effectively prevent exacerbations during what is referred to as the September epidemic of asthma. 7 Our seasonal strategy in the PROSE study was as effective in reducing fall exacerbations as year-round treatment with omalizumab 3 and also indicates that the protective onset of omalizumab begins well within 4 to 6 weeks of initiating this intervention. Moreover, through predetermined subgroup analysis, we found that children with exacerbations during the run-in phase were highly benefited by a seasonal addition of omalizumab, with a greater than 80% protection from fall exacerbations; in the absence of a run-in exacerbation, omalizumab was not beneficial (Fig 3) .
Our second primary objective was to compare the addition of omalizumab with an ICS boost in preventing fall exacerbations. Per the study design, this comparison was only available in participants randomized at steps 2 to 4 (<1000 mg of fluticasone propionate equivalent daily). We limited the ICS boost to not exceed 1000 mg/d fluticasone propionate equivalence because larger doses over an extended time period provide minimal benefit in preventing exacerbations 14 and increase the risk for systemic adverse effects. 15 We found no significant difference in exacerbation rates between omalizumab and ICS boost (Fig 2,  C) or between any of these 2 interventions and placebo, which might relate to the overall low rate of fall exacerbations in patients at steps 2 to 4. In contrast, among participants in the step 2 to 4 group who experienced an exacerbation during the run-in phase, the addition of omalizumab was more efficacious than the ICS boost in preventing fall exacerbations (Fig 3, B, upper panel) . In those who experienced an exacerbation during the run-in phase, peripheral blood eosinophil counts and FENO values were greater than in those who did not experience an exacerbation. This might reflect higher levels of inflammation despite guidelines-directed treatment, which could have resulted from the recent exacerbation together with an incomplete response to the standard use of systemic corticosteroids. These greater levels of inflammation might have enhanced the susceptibility for a subsequent exacerbation at the time of a respiratory tract infection.
From our results in the PROSE study, 2 asthma groups or phenotypes emerge as candidates who will benefit from the seasonal addition of omalizumab. First, patients with severe asthma, as reflected by the need for step 5 care, benefited from omalizumab over the 4-month treatment period (Fig 2, A) . In our previous study, the Inner-City Anti-IgE Therapy for Asthma Study (ICATA), 3 patients with asthma of all severities had a reduced frequency of exacerbations with omalizumab treatment administered over a 1-year period. This difference with the study reflects the shorter double-blind period (90 days) in the PROSE study, which resulted in a lower number of exacerbations among participants receiving step 2 to 4, thus reducing the statistical power to find a difference. In addition, a novel observation in the PROSE study was the striking benefit of seasonal omalizumab in patients with a recent exacerbation; in this setting the preventative efficacy of omalizumab was noted across all levels of disease severity (Fig 3) . Without this additional prespecified analysis and based only on data from Fig 2, it might have been concluded that a seasonal benefit of omalizumab is restricted to only those with the most severe disease. This conclusion would lead to both seasonal undertreatment and overtreatment with omalizumab to prevent fall exacerbations. Undertreatment would occur in patients with low severity and a recent exacerbation, whereas overtreatment would occur among patients with high severity without a recent exacerbations.
The rationale for our design of comparing omalizumab with an ICS boost was based on our previous work in which we found greater suppression of seasonal exacerbations in children and adolescents who received higher ICS doses as year-round treatment. 2 The addition of the ICS boost arm in the PROSE study was also meant to contribute to addressing the question of whether the risk for an asthma exacerbation might represent undertreatment with ICS. 2, 3 Other approaches to reduce asthma exacerbations, especially during the fall, have had little success, including adding montelukast to existing treatment at the start of school, 19 increasing ICSs at the beginning of an exacerbation, 20 or prescribing clarithromycin in adults 21 and azithromycin in children. 22 The mechanisms underlying fall asthma exacerbations are complex 23 and include viral respiratory tract infections (predominantly with rhinoviruses), 8 allergic sensitization, 24 allergen exposure, 25 and diminished generation of type I and III interferons. 9 It is likely that IgE plays an important role in the promotion of rhinovirus infections progressing to exacerbations by generating an inflammatory milieu. Omalizumab removes free circulating IgE, resulting in less IgE bound to mast cells and basophils, as well as suppression of allergic reactions and type 2 inflammation. 26 In our study evidence for this effect is provided by the reduction in eosinophilic cationic protein levels in nasal secretions (see Table E6 ). Most interestingly, in vitro IgE receptor activation decreases the generation of IFN-a from plasmacytoid dendritic cells 11, 12 ; the possibility that this mechanism occurs in vivo has not been previously tested. Our data provide support to this hypothesis and raise the possibility that restoration of virus-induced IFN-a responses might be a mechanism for the preventative effects of omalizumab on respiratory virus-associated exacerbations (Fig 4) .
A challenge to the use of biologic agents in asthmatic patients is to select the patients most likely to respond to these treatments. Our findings in the PROSE study might help clarify patient selection for omalizumab. We recently published observations related to factors associated with seasonal asthma exacerbations. 6 In particular, we noted that patients' characteristics associated with an increased risk for a fall exacerbation include an exacerbation during the prior season. This finding was replicated in the PROSE study, in which we also found that an exacerbation in the run-in phase was a major predictor of efficacy for seasonal administration of omalizumab (ie, >80% reduction in fall exacerbations). Not only did the results in the PROSE study confirm that recent exacerbations are a risk factor for a subsequent event but also our findings point to possible explanations for a recurrent exacerbation in the outcome period. The increased peripheral blood eosinophil counts and FENO values found at randomization in the participants who had an exacerbation during the preceding 4 to 9 months of the run-in phase might reflect increased airway inflammation, perhaps resulting from the recent exacerbation with incomplete resolution despite systemic corticosteroids, which in turn led to greater susceptibility to a subsequent exacerbation. These findings parallel observations by Hanania et al, 27 who found increases in these 2 biomarkers predicting greater future risk for an exacerbation and greater likelihood to benefit with omalizumab. Furthermore, the persistence of increased peripheral blood eosinophil counts and FENO values, despite a higher treatment dose of ICS (ie, step 5 care), parallels findings with mepolizumab and might represent biomarkers earmarking a risk for exacerbations, which cannot be prevented by conventional therapy but might require alternative treatment approaches, such as type 2-directed biologic agents. 28, 29 Interpretation of the PROSE study requires several considerations. First, our results are derived from a largely minority low-income population. However, year-round omalizumab reduces exacerbations to a similar degree in other groups. 3, 30, 31 Second, our study population was limited to allergen-sensitized participants eligible for omalizumab therapy. Consequently, 36.0% of our screened patients were ineligible for enrollment because of negative skin test results or unsuitable weight/IgE measurements (Fig 1) . 13 Finally, the cost of omalizumab is a limitation, but our findings help identify populations most likely to respond to preseasonal treatment. For those patients, the reduced cost of treatment for only the fall season to prevent an exacerbation compared with a full year of treatment might be justifiable.
Our findings that an effective preventative strategy for fall exacerbations can be achieved with targeted seasonal treatment suggest a paradigm shift for managing high-risk patients, although further research is needed to refine the subgroups of asthmatic patients most likely to benefit from seasonal treatment with omalizumab. In addition, we need to identify more effective treatment strategies for those patients who have exacerbations despite the addition of omalizumab therapy. An early step to personalized or precision medicine is recognition of the correct phenotype to guide treatment selection. The results of the PROSE study are a step toward an effective and time-limited treatment approach for a specific exacerbation-prone asthmatic phenotype.
Clinical implications: Inner-city children might benefit from the addition of omalizumab to ongoing guidelines-based therapy before the fall season to prevent exacerbations if they have severe disease and particularly if they have a history of a recent exacerbation, irrespective of disease severity.
